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The	 gut	 microbial	 community	 composition	 of	 carnivores	 in	 general	
appears	 distinct	 from	 that	 of	 omnivores	 and	 herbivores	 (Ley	 et	al.,	
2008)	and	is	vastly	dominated	by	species	belonging	to	the	Firmicutes	




fecal	 samples	 from	 ferrets	 (Mustela putorius furo)	 found	 Clostridium 
acetobutylicum	 and	 Helicobacter	 spp.,	 respectively,	 to	 be	 the	 most	
frequently	 isolated	 (Nizza	 et	al.,	 2014).	 Looking	more	 specifically	 at	
the	 mink	 microbiota	 (Neovison vison),	 it	 has	 been	 shown	 by	 cultur-
ing	that	the	highest	bacterial	load	was	found	in	the	colon	with	up	to	





&	Skrede,	1990).	 In	a	more	 recent	 study,	even	 shorter	 transit	times	
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maintains a diverse mucosa- associated microbiota following a 
3- day fasting period




































rial	 load	and	community	 structure	within	 the	mucus	was	not	 severely	 impacted	by	
3	days	 of	 fasting,	which	 implies	 that	 a	 resident	 and	 stable	microbiota	 is	 hosted	 by	
these	animals.
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were	recorded	for	farmed	mink	and	appeared	to	vary	between	males	













on	the	microbiota	following	feed	deprivation	 include	 increase	of	 the	
















2.  | MATERIALS AND METHODS
2.1 | Ethics statement
All	institutional	and	national	guidelines	for	the	care	and	use	of	labo-
ratory	 animals	were	 followed.	 The	 handling	 of	 the	 animals	 and	 the	
experimental	 procedures	 were	 approved	 by	 the	 Danish	 Animal	
Experiments	Inspectorate.
2.2 | Animals and housing
The	26	mink	 included	 in	 the	 study	were	 7-	month-	old	males	 of	 the	




bedding.	The	mink	were	 fed	 twice	 a	day	 (except	during	 the	 fasting	
period)	and	had	free	access	to	tap	water.
2.3 | Experimental design
The	 study	was	 designed	 as	 a	 parallel	 group	 experiment.	 The	mink	





to	evaluate	 if	 the	 feed	 composition	would	 affect	 the	microbiota	of	
the	mink.
The	 Feed_West	 was	 mainly	 based	 on	 fish	 by-	products	 (25%),	
boiled	poultry	offal	 (18%),	 cereals	 (15%),	vegetable	protein	 (6%),	 fat	
(11%),	 vitamins,	 and	 water;	 whereas,	 the	 Feed_FC	 contained	 26%	
raw	 slaughter	 offal	 replacing	 some	 of	 the	 vegetable	 proteins	 and	
fat.	The	energy	content	was	9.1	versus	7.5	Mj/kg	 in	Feed_west	and	
Feed_FC,	 respectively,	 and	 the	 distribution	 of	 energy	 from	 protein,	
fat,	and	carbohydrates	was	23:57:20	versus	28:56:16.	At	7	months	of	
age,	14	mink	were	 subjected	 to	3	days	of	 food	deprivation	 (fasting)	
and	subsequently	killed.	The	remaining	12	mink	were	killed	without	
a	fasting	period	(nonfasting).	The	mink	in	the	fasting	and	nonfasting	
groups	 included	 mink	 from	 both	 feed	 groups	 (Table	1).	 The	 fasting	









Experimental group Fasted (n) Nonfasted (n)
Feed group Feed_FC Feed_West Feed_FC Feed_West
Experimental	groups	(n) 11 3 2 10
Severe	fatty	degeneration	of	hepatocytesa 8 1 0 0
Mild-	moderate	fatty	degeneration	of	
hepatocytesa
3 0 0 0
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2.4 | Dissection of animals
Immediately	 after	 euthanasia,	 the	 stomach	 and	 intestines	 were	
	removed	 from	 the	 animals	 as	 an	entity	 for	 inspection	and	opening.	














Oxoid),	De	man,	Rogosa,	Sharpe	agar	 (MRS,	Oxoid),	 and	Bifidus	 se-
lective	agar	(BSM,	Sigma	Aldrich)	for	enumeration	of	total	anaerobic	
bacteria,	total	aerobic	bacteria	(and	facultative	anaerobic),	lactobacilli,	
and	bifidobacteria,	 respectively.	Plates	were	 incubated	 for	2-	3	days	
at	37°C	anaerobically,	except	PCA	plates	were	incubated	aerobically.
2.6 | Extraction of bacterial community DNA
Total	 community	DNA	was	extracted	 from	mucosal	 scrape	 samples	
collected	from	colon	during	dissection	as	well	as	from	feed	samples	
using	the	MoBio	PowerLyzer®	Power	Soil®	DNA	Isolation	Kit	(MoBio	
Laboratories,	Carlsbad,	CA)	according	 to	 the	manufacturer’s	 recom-
mendations	 with	 minor	 modifications	 as	 previously	 reported	 (Bahl,	
Bergström,	&	Licht,	2012).	DNA	concentrations	were	measured	with	
the	Qubit	dsDNA	HS	kit	(Life	Technologies).
2.7 | Bacterial community composition and diversity
The	 bacterial	 community	 composition	 was	 determined	 by	 par-
tial	 16S	 rRNA	 gene	 sequencing	 of	 the	 extracted	 community	 DNA.	
Amplification	 of	 the	 V3-	region	 was	 performed	 following	 a	 dual	
PCR	 strategy.	 In	 the	 first	 amplification	 round,	 the	 universal	 bac-
terial	 primers	 PBU	 (5′-	CCTACGGGAGGCAGCAG-	3′)	 and	 PBR	
(5′-	ATTACCGCGGCTGCTGG-	3′)	 were	 used	 without	 sequencing	




tions	were	 as	 follows:	 Initial	94°C	 for	2	min.	 followed	by	30	 cycles	
of	94°C	for	20	s,	58°C	for	20	s	and	68°C	for	30	s,	and	finally	68°C	
for	5	min.	before	cooling	to	4°C.	The	PCR	mix	was	subsequently	di-
luted	10-	fold	and	1	μl	 used	as	 template	 in	 the	 second	amplification	
step	using	the	same	forward	primer	with	a	unique	10–12	bp	barcode	
for	each	bacterial	community	and	reverse	primer	both	with	sequenc-





















2.8 | Data handling and statistics
Statistical	analysis	was	conducted	 in	GraphPad	Prism	 (version	5.03;	










tion	 in	 the	 liver	of	all	 fasted	animals.	The	 liver	 sizes	were	normal	 to	










ples	 taken	 from	 fasted	 and	 nonfasted	 animals	 determined	 on	 four	





between	animals.	The	average	 levels	of	both	 lactobacilli	 and	bifido-
bacteria	 appeared	 lower	 than	 the	 total	 anaerobic	 counts	 and	were	
undetected	in	many	animals,	however,	in	some	animals,	both	bacterial	
groups	reach	levels	of	108	CFU/g.
3.3 | Bacterial community diversity and composition
No	differences	were	 found	 in	estimations	of	 alpha	diversity	 (OTU	
richness	 and	Shannon	diversity	 index)	 and	beta	diversity	between	
the	 fasted	 and	 nonfasted	 animals	 (Figure	2a–b).	 There	was,	 how-
ever,	a	significantly	higher	richness	in	both	types	of	feed	compared	
to	 the	 richness	 found	 in	 the	mucus	 samples	 and	 the	 Shannon	 di-
versity	 index	was	 also	higher	 for	 the	Feed	 kitchen	 (Feed_FC)	 diet	
(Figure	2b).	 Beta	 diversity	 analysis	 showed	 that	 samples	 obtained	
from	 fasted	 and	 nonfasted	 animals	 clustered	 together	 and	 sepa-
rately	 from	 the	 feed	 samples,	 which	 formed	 two	 distinct	 clusters	
(Figure	2c).	At	the	class	 level,	the	average	bacterial	composition	in	
both	the	fasted	and	nonfasted	group	was	dominated	by	Clostridia,	
















position	 in	 the	mink	 gut	 under	normal	 feeding	 conditions	 and	 after	






and	nonfasted	animals	 irrespective	of	 feed	 type	 (Figure	3),	although	
some	individual	animals	had	markedly	different	microbial	community	





between	 individual	 animals	 in	 the	number	of	CFUs	on	 the	different	
culture	media	was	found	(Figure	1),	which	is	consistent	with	the	differ-











































































































Gugołek	et	al.,	2015;	Handl	et	al.,	2011),	 it	 is	 interesting	to	observe	
that	 the	mucosa-	associated	microbiota	 of	 some	 animals	was	 vastly	
dominated	 by	 other	 bacterial	 groups	 including	 Fusobacteriaceae,	
Pasteurellaceae,	and	Enterobacteriaceae	(Figure	4).	Species	within	these	
bacterial	 families	 are	 associated	 with	 pathogenicity	 (Hunter,	 1996;	
Löliger,	 1970),	 although	 no	 adverse	 effects	 were	 observed	 in	 this	
study.	Further	studies	are	needed	to	address	the	association	between	
health	issues	and	gut	microbiota	in	farmed	mink.








a	 more	 permanent	 community	 than	 that	 found	 in	 luminal	 content.	
Counts	of	both	lactobacilli	and	bifidobacteria	levels	varied	from	below	
detection	level	to	levels	comparable	to	the	total	anaerobic	cell	count	
in	 some	animals.	This	 is	 consistent	with	 a	previous	 study	 in	 ferrets,	
which	showed	that	these	two	genera	to	be	the	second	and	third	most	
frequently	isolated	anaerobic	bacteria	(Nizza	et	al.,	2014),	but	seems	






































































































































opment	 of	 severe	 fatty	 liver	 syndrome	 (Rouvinen-	Watt	 et	al.,	 2010)	





reported	 that	 fasting	 in	mink	may	 induce	decreased	 intestinal	mass	
as	well	as	both	histomorphometric	and	biomechanical	remodeling	of	















throughput	 16S	 rRNA	 gene	 sequencing	 to	 characterize	 the	 gastro-
intestinal	microbiota	 in	 the	mink.	This	 study	only	 included	a	 limited	
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